A new and rapid extraction procedure is described for the isolation and partial purification of low mol. wt. RNA as well as DNA from 5oo g batches of chrysanthemum stunt viroid-infected chrysanthemum. The chrysanthemum stunt viroid was then purified to homogeneity from this extract by one cycle of non-denaturing polyacrylamide slab gel electrophoresis followed by one cycle of denaturing slab gel electrophoresis. The covalently closed circular form and the linear form of the viroid co-migrated on the first gel but were well separated on the second. The yield of circular chrysanthemum stunt viroid was 200/,g/kg of infected chrysanthemum shoots and of the linear form was 35/*g/kg.
INTRODUCTION
The causative agent of chrysanthemum stunt disease is a member of a unique class of low mol. wt. infectious nucleic acids known as viroids (Diener & Lawson, 1973; Hollings & Stone, 1973; Diener & Hadidi, I977) . These naked RNAs are characterized by a mol. wt. of about 120000 (Stinger et al. 1976 ), a high degree of base pairing (Langowski et al. I978) , a single-stranded covalently closed circular structure (Siinger et al. 1976; McClements & Kaesberg, 1977; Owens et al. 1977 ) and a highly infectious nature (Diener & Hadidi, 1977) -
The purification and characterization of three viroids, potato spindle tuber viroid (PSTV), citrus exocortis viroid (CEV) and cucumber pale fruit viroid (CPFV), was recently described (Siinger et al. 1976 ) as well as a comparison of the secondary structural characteristics of five viroids, PSTV, CEV, CPFV, chrysanthemum stunt viroid (CSV) and chrysanthemum chlorotic mottle viroid (ChCMV) (Langowski et al. I978) . In neither case were detailed extraction and purification procedures given. However, Singh & Stinger (I976) have provided a multi-step method for the extraction of a low mol. wt. RNA fraction from PSTV-and CEV-infected tomato and Gynura aurantiaca while Diener et al. (1977) have described a long procedure for the purification of PSTV from 5oo g amounts of infected tomato. In the case of CSV, no large scale purification methods have been published nor have details of yields or infectivity of the circular and linear forms so purified been given.
We have developed a new extraction procedure for viroids which we have applied to the large scale purification of CSV. The method is described here together with the characterization and infectivity of the linear and circular forms of CSV. Viroids. CSV-infected chrysanthemums (Chrysanthemum cultivar, Charm type) were kindly provided by T. C. Lee, Adelaide Botanic Gardens, via Dr R. I. B. Francki, University of Adelaide. CSV-infected and healthy chrysanthemums were propagated from cuttings rooted in vermiculite. All plants were grown in soil at 26 to 3o °C for a 14 h day at a light intensity of 5ooo to mooo lux provided by both fluorescent and incandescent lamps. Under these conditions, the plants did not flower. Plants were watered with distilled water and every three weeks each pot was fertilized with 3o ml of 1% urea. A CEV inoculum was provided by Dr R. van Velsen, South Australian Department of Agriculture, and the viroid maintained in Gynura aurantiaca. CEV was transmitted to Gynura by needle puncture using crude nucleic acid extracts as described below for CSV.
Solutions. Solution A: o'5 M-NaCI, o'5 % (w/v) sodium dodecyl sulphate, o.I i-tris-HCi, pH 8.5, at room temperature; prepared at 2 × concentration. Solution B: 25 mM-magnesium acetate, 5 % (w/v) polyvinylpyrrolidone (Sigma PVP-4oT), 2 % (w/v) sodium azide, 1% (w/v) sodium diethyldithiocarbamate (Sigma), 2% (v/v) 2-mercaptoethanol, I mMmercaptobenzothiazole (Eastman Organic Chemicals). This solution was prepared just before use by mixing 2o ml of I.o M-magnesium acetate, 4oo ml IO% (w/v) polyvinylpyrrolidone plus 4% (w/v) sodium azide (stock solution stored at 4 °C), 8.o g sodium diethyldithiocarbamate, 16 ml 2-mercaptoethanol, 8.o ml o.I i-mercaptobenzothiazole in ethanol, and water to 8oo ml.
Extraction and partial purification of chrysanthemum nucleic acids. The procedure used 50o g of chrysanthemum shoots, 5 to lo cm long; either fresh material or shoots frozen in liquid nitrogen and stored at -8o °C. Plant tissue was homogenized at room temperature with 750 ml each of solution A (2 x concentrated) and of solution B in a 5 1 Waring Commercial Blendor in short bursts for a total period of 4 min. The homogenate was stirred at room temperature for I5 min, 2oo g NaC1 was then stirred in over 15 min followed by a further I5 rain stirring. After cooling on ice for 3o min, the homogenate was centrifuged at 2oooo g for 2o min at 4 °C and the nucleic acids precipitated from the supernatant by the addition of 2 vol. of cold (-15 °C) ethanol and standing at -15 °C for I h. The precipitate was collected by centrifugation at 2oooog for IO min at -5 °C and the pellets dried in vacuo with an oil pump for about I h. The dried pellets were well suspended in 80 ml solution A containing 1% 2-mercaptoethanol and the suspension centrifuged at iooo g for 5 rain at room temperature to give a bulky green precipitate (discarded) and a green supernatant to which was added 2oml water-saturated phenol (containing o.I% 8-hydroxyquinoline) plus 2o ml chloroform. The mixture was stirred for 2o rain then centrifuged at IOOO g for 5 min.
The aqueous phase was dialysed at 4 °C for I6 h against 4 1 of i mM-NaCl, o-t mM-EDTA, pH 7, with one change of dialysis solution. Sodium acetate (5"o M, pH 6"o) was added to 0-2 M followed by 2 vol. of cold ethanol and storage at -I5 °C for 3 h. The precipitated nucleic acid was collected by centrifugation at IOOOO g for IO min at -5 °C, dried in vacuo and resuspended in lO ml of o-I mM-EDTA, pH 7. The yield of nucleic acid averaged 250 mg/kg of chrysanthemum material, based on A~e0 nm of 20 for I.O mg/ml.
Nucleic acids were extracted from healthy, CSV-infected and CEV-infected G. aurantiaca in the same way.
Purification of circular and linear CSV. Nucleic acids extracted from 5o0 g of infected chrysanthemum plants were then fractionated by polyacrylamide slab gel electrophoresis (De Wachter & Fiers, 1971; Symons, 1978) on four i6x I6 x o.6 cm 5% acrylamide, 0.25% methylene bisacrylamide slab gels using a buffer of 4 ° mM-tris-acetate, pH 8-t, 20 mM-sodium acetate, 2 mM-EDTA (Loening, I967 Chrysanthemum stunt viroid 479 for I5 to I7 h. The single bands of CSV (circular plus linear) and host 7S RNA were located by brief staining (4 min) in 0-05% toluidine blue and destaining (r to z h) in water. The stained bands were cut out and the RNA eluted electrophoretically as described by Symons (I978) except that a larger elution apparatus was used; each elution barrel was 8.0 cm long with an internal diam. of 2.8 cm while each elution chamber was 3"0 cm long with an internal diam. of 1.9 cm. Electroelution was at 8o mA/elution tube for 5 h. Each partly purified RNA was further purified on a I6 x I6 x 0"35 cm 5 % acrylamide, o.I7°/0 methylene bisacrylamide slab gel in 7M-urea, 9omM-tris-borate, 3 mM-EDTA, pH 8-3 (Air et al. I976) . Before loading, each RNA sample in o.I mM-EDTA, pH 7, was heated at 75 °C for 4 rain. Electrophoresis was at 65 to 75 mA/gel for 4"5 h; RNA bands were located by staining and the RNA electrophoretically eluted (Symons, I978) . In this second gel step, the circular and linear forms of CSV were well separated. The yield of circular CSV was 200/zg/kg and linear CSV 35 #g/kg, based on an A2e 0 nm of 2o for I'o mg/ ml. Both forms of CSV gave a typical nucleic acid spectrum from 22o to 32o nm with an A260 rim/A230 nm ratio of 2"5: I.
Bioassay of RNAs. All except the terminal leaves of rooted cuttings of G. aurantiaca were removed and the stem inoculated by needle puncture (S~inger, I972) using a set of 20 fine needles set closely together in a piece of Perspex. Plants were maintained at 28 °C during a I4 h day, with lighting at about 10000 lux provided by both fluorescent and incandescent lamps, and at 22 °C at night. Symptoms consisted of stunting and severe epinasty and appeared from I7 days post inoculation (p.i.). Shoot tips from symptomless plants were cut back at 5 weeks p.i. and new shoots were examined 3 weeks later for symptom development. All plants were scored at 8 weeks p.i. Symptoms induced by CEV were similar to but more severe than those induced by CSV in G. aurantiaca.
Electron microscopy ofRNAs. RNAs were spread for electron microscopy by the method of Randles & Hatta (I979) and grids examined in a Siemens Model Io2 electron microscope at an operational magnification of 10o00 ×.
Complementary DNA (eDNA) and hybridization analysis, a~P-cDNA to the circular form of CSV was prepared as described by Palukaitis & Symons (1978) . Hybridization of this eDNA to RNA and the assay for cDNA:RNA hybrids was as described in Gould & Symons (I977) except that hybridization was in Io mM-tris-HCl, pH 7"o, 18o mM-NaCI, 2 mM-EDTA, 4o % (v/v) de-ionized formamide at 5o °C.
Analysis of 5'-ends of linear CSV and nuclease Sl-treated circular CSV. Partial digestion of circular CSV by nuclease $1 was as described by Palukaitis & Symons (I978) . RNA samples (z/~g) from which the 5'-phosphoryl groups had or had not been removed by treatment with purified calf intestinal phosphatase (Efstradiatis et al. I977 ) were labelled at their 5'-termini using 7-32P-ATP and polynucleotide kinase as described by Efstradiatis et al. (I977) . The two samples of labelled linear CSV were then electrophoresed on a thin 6% polyacrylamide, 7 M-urea gel (Sanger & Coulson, I978) at zo mA for 2 h. The single RNA bands were detected by staining with o'o5 % toluidine blue for Io min and destaining in water; the gels were then autoradiographed. The radioactive bands, which corresponded exactly to the stained bands, were cut out and counted by Cerenkov radiation. RNA in each band was hydrolysed to 5'-mononucleotides by incubation with 150 #g/ml of nuclease P1 in o'o3 M-sodium acetate, pH 5, at 37 °C overnight. After centrifugation to remove acrylamide, the mononucleotides in the supernatant were fractionated by high voltage paper electrophoresis at pH 4"I (Symons, I975) and the electrophoretogram autoradiographed. The labelled bands, which corresponded exactly to the marker 5'-mononucleotides, were cut out and counted to give the relative amounts of the 5'-terminal residues. Nuclease Sl-digested circular CSV after 5'-labelling was separated from unused 7-a2P-ATP by passage over Sephadex G5o (Gould & Symons, r977 Partially purified nucleic acid extract 060 to 240/zg), prepared as described in Methods, from (a) healthy chrysanthemum; (b) CSV-infected chrysanthemum; (c) CSV-infected gynura; (d) healthy gynura; and (e) CEV-infeeted gynura. (f) (g) CSV band after electrophoresis on one and two non-denaturing polyacrylamide slab gels, respectively (see text). Nucleic acid samples were run on 5% acrylamide, o.I25°/0 bisacrylamide tube gels (o.6x xocm) in the trisacetate-EDTA buffer of Loening (x967) at 5 mA/gel for 3'5 h. Gels were stained with 0"05% toluidine blue overnight and destained in water for 3 days. The positions of host DNA, 7S RNA., 4S R N A and 5S R N A are given. Chrysanthemum stunt viroid 48I of nuclease P1 at pH 5 for 2 h at 37 °C and the relative amounts of the four 5'-residues determined as described above.
RESULTS

Extraction and partial purification of plant nucleic acids
The procedure described in Methods has allowed the purification of too/~g of circular CSV from 5o0 g batches of infected chrysanthemums. The initial extraction medium contained polyvinylpyrrolidone, sodium azide, sodium dietbyldithiocarbamate, 2-mercaptoethanol and mercaptobenzothiazole to inhibit darkening of the initial extract (Dawson & Magee, I955; Loomis, 1974) . Magnesium acetate was added to inhibit the solubilization of pectins (Thornber & Northcote, I961 ; Cook & Stoddart, I973) . Sodium dodecyl sulphate was added to inhibit plant nucleases, to dissociate ceils and to allow the precipitation of proteins at o °C in the presence of a high concentration of NaC1 (Kay et al. I952) . Much of the higher mol. wt. RNA was also removed during this deproteinization step (Crestfield et al. 1955) . Nucleic acids in the supernatant were then concentrated by ethanol precipitation before further deproteinization with phenol-chloroform. This extraction and partial purification procedure has obviated the need for large volumes of phenol since the phenol extraction was done at the second step with small volumes and not on the large initial extract (Singh & Siinger, 1976; Diener et al. 1977) .
Polyacrylamide gel analysis of nucleic acid extracts
When nucleic acids extracted from healthy and CSV-infected chrysanthemums as described in Methods were compared by polyacrylamide tube gel electrophoresis under non-denaturing conditions, the infected plant extract (Fig. I b) contained an extra band (CSV RNA, as shown below) not found in the healthy plant extract (Fig. I a) . Nucleic acids extracted in the same way from Gynura aurantiaca inoculated three weeks earlier with extracts from CSV-infected chrysanthemums also contained an extra band of CSV RNA (Fig. t c) not found in extracts from healthy plants (Fig. I d) , although it was always at a much lower level than that found in extracts from infected chrysanthemums. Nucleic acids extracted from CEV-infected Gynura also showed the presence of a weak extra band (Fig. I e) , but with a different mobility from that observed with CSV RNA. Extraction of the extra band from CSV-infected chrysanthemum nucleic acids subjected to polyacrylamide slab gel electrophoresis run under non-denaturing conditions and re-electrophoresis gave the pattern of Fig. I (J0, which shows contamination of the main CSV RNA band by host 7S RNA. Elution and re-electrophoresis of the main band gave a single RNA band (Fig. I g) .
Analysis of the RNAs used in Fig. I (jr) and (g) on a polyacrylamide slab gel containing 7 M-urea gave three and two RNA bands, respectively ( Fig. 2a and b) . The major, slowest moving band was subsequently shown to be covalently closed circular CSV RNA, the middle band to be linear CSV RNA while the fastest band was host 7S RNA. These results formed the basis of the large scale slab gel purification of circular and linear CSV RNA described in Methods, in which the partly purified, deproteinized nucleic acid extract of infected chrysanthemums was first fractionated by slab gel electrophoresis under nondenaturing conditions. The single viroid band was isolated and re-run on a denaturing slab gel in the presence of 7 M-urea to separate the circular and linear forms of CSV RNA. Analysis of the final purified RNAs on a polyacrylamide slab gel in the presence of 7 M-urea showed them to be electrophoretically pure (Fig. z e and d) ; the extent of contamination of one form with the other was estimated at less than 5 %. Host 7S RNA purified in the same way is shown in Fig. 2 
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and chrysanthemum 7S RNA, respectively, obtained after electroelution of the three R N A bands found after the second polyacrylamide slab gel electrophoresis step described in Methods (pattern was the same as in a). RNA samples (2 to 24/zg) were run on a 5 % polyacrylamide urea slab gel as described in Methods except that gel thickness was o.2 cm. Electrophoresis was at 35 mA for 2"3 h. The gel was stained with 0-05 % toluidine blue in water for I h and destained in water. Samples were prepared for electron microscopy as described by Randles & Hatta (I979) .
Electron microscopy of purified RNAs
When the CSV RNA of Fig. 2 (c) was spread and visualized by electron microscopy, mostly denatured circular molecules were seen together with some linear molecules (Fig. 3 a) . Some of the latter (not shown) were much thicker than the circular molecules and were taken to be undenatured circular molecules. The longer, thinner molecules were presumably denatured linear molecules formed by the nicking of circular molecules during the 15 to zo min incubation in 98 % formamide at 60 °C which was needed for the spreading.
The faster moving CSV RNA of Fig. 2 (d) and the host 7S RNA of Fig. z (e) consisted almost exclusively of linear molecules (Fig. 3 b and c ) although a few circular-like molecules were seen on scanning the grids (not shown).
Thermal denaturation of purified RNAs
Circular CSV RNA showed a sharp temperature transition with a Tm of 47 °C and a hyperchromicity of 2t % under the conditions used (Fig. 4a) . The shape of the melting profile was similar to that usually observed with viroid RNA (Semancik et al. I975; Randles et aL I976; Diener & Hadidi, I977) while the fluctuations in the curve were considered to represent the melting of various regions in the CSV molecule. The 7S RNA (Fig. 4c) showed a broad temperature transition with a Tm of 42 °C and a hyperchromicity of I5 %, consistent with normal melting profile parameters observed with single-stranded RNAs (Semancik et al. I975; Mossop & Francki, I979) . Linear CSV RNA displayed a mixed profile with elements of both broad and sharp temperature transitions being present (Fig. 4b) ; the Tm was 46 °C and the hyperchromicity was I8%. 
Hybridization analysis of purified RNAs
The sequence homology between the CSV circular and linear RNAs was shown by preparing a 32P-cDNA probe (Palukaitis & Symons, I978) to CSV circular RNA and hybridizing it to both the circular and linear forms. The two RNAs hybridized at identical rates with the same Rot~ of 3"2 x To -8 tool. s/l (Fig. 5) -The much slower rate of hybridization of the 32P-eDNA to 7S RNA showed that there was no sequence homology between the viroid and 7S RNAs while the Rot½ of 7"5 x io -~ tool. s/1 indicated that the 7S RNA was contaminated with viroid sequences to the extent of 4% (3 .2 x IO-3/7.5 x [o-~x too%; Gould & Symons, I977, ~978; Gould et al. r978) .
Infectivity of circular and linear viroid RNAs
Two separate preparations of circular and linear CSV RNA were tested for infectivity on G. aurantiaca. The results of Table ] show clearly that both circular and linear forms were equally infectious while the purity of the RNAs used (Fig. z) rules out the possibility that the infectivity of the linear CSV RNA was due to contaminating circular RNA. The chrysanthemum 7S RNA was infectious at 5 #g/ml but not 0"5/zg/ml; since this RNA contained 4% CSV RNA sequences (Fig. 5) , equivalent to 0.2 #g/ml CSV RNA, this infectivity is not surprising. 
--I/6 --* Infectivity scored at 8 weeks p.i. A separate preparation of CSV RNAs was used in each experiment.
s'-Terminal residues of linear CS V and nuclease Sl-treated circular CS V
In view of the recent report on the conversion of purified circular PSTV to the linear form by treatment for at least I h with 5 mM-Mg 2+ at 37 °C and pH 9 (S~inger et al. I979), it was feasible that some of the linear CSV found in the present work was due to Mg 2+-catalysed hydrolysis of circular CSV since Mg ~+ was present during the initial extraction of plant material. Such cleaved RNA would possess a 5'-hydroxyl and a z'(3')-phosphate (Huff et aL I964) , as would any RNA cleaved by plant ribonucleases with a specificity similar to pancreatic, T1 or T2 ribonucleases. Thus, any linear CSV molecules with a 5'-phosphate that were derived from circular molecules must have arisen by a mechanism other than metal ion-catalysed hydrolysis. The 5'-terminal residues were labelled by phosphorylation using V-32P-ATP and polynucleotide kinase, either with or without prior phosphatase treatment to remove any 5'-phosphate. In the case of linear CSV, there was 1"7 times (1.o/o.37) as much labelling 486 P. PALUKAITIS AND R. H. SYMONS of the 5'-residues with prior phosphatase treatment as without (Table 2 ). This indicates that linear CSV contained 37 % of its 5'-ends as 5'-hydroxyls and 63 0/0 as 5'-phosphates; the latter figure is a minimum estimate due to the exchange reaction between y-szP-ATP and a 5'-phosphate catalysed by the bacteriophage T~ polynucleotide kinase (van de Sande et aL I973). A measure of the extent of this exchange under the conditions used was obtained by the phosphorylation of circular CSV after partial digestion with nuclease $1 which cleaves single-strand nucleic acids to give a 5'-phosphate and a 3'-hydroxyl (Ando, t966). This partially digested CSV contained a mixture of RNA fragments varying in size from full length linear molecules to fragments about Ioo residues long (data not given) and 6"7 times (I.O/O. 15) as much phosphorylation occurred after removal of the 5'-phosphate (Table 2 ). This result indicates that I5% of the 5'-labelling occurred by exchange but the conclusion is complicated by the possibility that some 5'-hydroxyls may have been produced during the $1 nuclease treatment which requires I mM-Zn ~+ at pH 4"6 for activity. In spite of these difficulties, the results indicate that roughly 72% [63% plus 9°/0 correction (o'I5 x 0"63) for exchange] of linear molecules had a 5'-phosphate and therefore could nothave arisen from circular molecules by metal ion-catalysed hydrolysis.
The nucleotides present at the 5'-termini of the four types of RNA were determined by complete digestion of the 5'-s~P-RNA with nuclease P1 to the 5'-mononucleotides which were then separated by high voltage paper electrophoresis and counted. All four nucleotides were found at the 5'-termini while the remarkably consistent base composition (Table 2) indicates that there is little specificity at the site of nicking of the linear molecules. Although the base composition of CSV is not known, the high proportion of A + U residues relative to G + C residues for the two types of CSV suggests that linear molecules were produced from circulars by nicking in a poorly base paired region.
DISCUSSION
The method described here for the purification of the circular and linear forms of CSV has proved to be reliable for the handling of 500 to IOOO g quantities of plant material.
In spite of the marked symptom development on CSV-infected Gynura aurantiaca, the level of extractable viroid was appreciably lower than that found in infected chrysanthemums (see also Palukaitis & Symons, I979) which have therefore been used for routine purification of viroid. The final purification step involving the polyacrylamide slab gel electrophoresis of RNAs in the presence of 7 M-urea gave a good separation of the circular and linear forms of CSV. At this stage, the linear CSV represented about 15 0/0 of the total CSV; the circular and linear forms co-migrated during the previous slab gel electrophoresis step run under non-denaturing conditions.
Our yields of purified circular CSV of 200 #g/kg of infected chrysanthemum are similar The identification of the electrophoretically faster migrating RNA on urea gels as the linear form of CSV was made by electron microscopy and molecular hybridization. The latter procedure confirmed the identity of sequence between the slower migrating circular and the faster migrating linear forms, and removed the possibility that the linear form was a second infectious agent unrelated to CSV.
The sharp melting profile found here (Fig. 4) for circular CSV is similar to that reported by Langowski et aL (I978) for CSV and four other circular viroids. These authors concluded, on the basis of physical measurements, that circular viroids exist as an extended rod-like structure characterized by a series of double-helical sections and internal loops. The appreciable loss in sharpness of the melting profile in going from the circular to the linear form of CSV (Fig. 4) , indicates a reduction in the co-operative melting process; it can be predicted that the exact change would be dependent on the position of strand cleavage. Thermal denaturation of linear PSTV generated by magnesium-catalysed cleavage of circular PSTV (S~inger et al. 1979 ) produced a similar change in melting profile. The appearance of an extra, lower temperature melting component in repeated thermal denaturations of circular RNA preparations of several viroids has been attributed to the generation of nicked molecules (Klufiap et al. I978) .
Gynura aurantiaca was chosen as an assay host for CSV because of the reproducible, strong symptom development from I7 days p.i. Both linear and circular CSV gave an ID~ of about o'o5 #g/ml in this host; no other data on the infectivity of purified CSV have been published. In fact, the only infectivity data published for any purified viroid are for PSTV on tomato and the results have shown enormous variation. The statement (no data) by S~inger et al. (I976) that 5o to Ioo molecules of PSTV are needed to produce symptoms in Io% of inoculated tomato seedlings is a factor of about io 9 lower than the IDs0 of between 2 #g/ml and o.2 #g/ml for purified PSTV on tomato reported from the same laboratory (Mfihlbach et al. I977). Likewise, Morris & Smith (I977) reported an IDs0 of between 1.6 and 16o fg/ml (9"6 × Io 3 to 9"6 x lO 5 molecules/ml) for purified PSTV on tomato but the data of Morris (I979) give an IDso of about o-I ng/ml, or a factor of about Io 4 higher, and no infectivity at r pg/ml (6 × IO n molecules/ml). Diener et al. (I974) reported an ID60 of o.z to 2.0 ng/ml for purified PSTV on tomato and Io to ao% of the plants were infected at 2o pg/ml.
The infectivity of the linear as well as the circular form of CSV (Table I) is intriguing as a similar result has been obtained for PSTV by Owens et al. (I977) . Morris (I979) found only one infectious species in his preparations of PSTV but this was not characterized so that it is difficult to compare his results with those of Owens et al. (I977) . It is also difficult to interpret the infectivity of linear PSTV produced by Mg~+-catalysed hydrolysis (S~inger et al. I979) since infectivity of control circular PSTV was presumably not done at the same time. If the circular form represents the true viroid, then the linear form is presumably ligated to the circular form in vivo after infection. Further, whatever mechanism of viroid replication is proposed, the end product would be linear and circular ligation must occur. If an RNA ligase exists in plants with a comparable specificity to the bacteriophage T 4 RNA ligase (Silber et al. I972) , then ligation of nicked circular CSV molecules with a 5'-phosphate and a 3'-hydroxyl would most likely occur and the nature
